The use of micro-glass electrodes sensitive to the activity of selected cations has permitted a direct measurement of intracellular ionic activity , e. g., the activity of hydrogen ion in a single crab muscle fiber (CALDWELL 1954) , and in a single squid giant axon (CALDWELL 1958 , SPYROPOULOS 1960 , the activity of sodium and potassium ion in a single squid giant axon (HINKE 1960) . With a micro-glass electrode of the size smaller than 1 micron at the tip and 50-60 micra in length, SOROKINA and KOSTYK (1959) successfully measured the intracellular pH in a single fiber of frog's sartorius muscle. Construction of micro-glass pH electrodes. The material used for the pH sensitive glass capillary was the lithium glass supplied by the Horiba Instruments Inc., Kyoto. This glass was drawn into a capillary of a diameter of 60-80 micra and this was matched with an appropriate micro-pipette of high resistant lead glass (Japan Electric Glass Co., L-29) and fed down the latter until some length protruded out of the tip of the high resistant glass pipette. A glass-to-glass fusion was then made between the wall of the pH glass capillary and the terminal portion of high resistant glass pipette. This was done by means of de Fonbrune microforge in the same way as was described by HINKE (1960) for obtaining a seal between a high resistant glass and Na glass.
For a satisfactory sealing, it was essential that a good matching is made between a pH glass capillary and high resistant glass pipette in such a way that the latter was just barely large enough to accomodate the former.
With such a good matching, not only was a glass-to-glass sealing easy to make but also the sealed portion of the pH capillary, in its final form, was not appreciably wider than the bare portion of the pH glass capillary.
The authors used a small loop of platinum wire for microf orge, but, with such a loop alone, heating tended to cause a bent of the pH glass capillary at the point of the glass-to-glass seal. To avoid this difficulty, the tip of the pH glass capillary was immobilized, by pressing the tip to a suitable plastic block by means of a small hook mounted on a micromanipulator, while heat is being app lied to the point of the intended seal.
In the next step the high resistant glass pipette already sealed to the pH glass capillary, was connected and sealed to a still larger tube of the same high resistant glass, which served as the stem of the entire electrode, by means of appropriate dental. wax or, preferably, Araldite (Ciba). The entire system was filled with 0.1 N hydrochloric acid or 1 N potassium chloride mixed with a pH buffer from the open tip of the pH glass capillary to the top of the stem tube, and the exposed tip of the pH glass capillary was fused at the desired length, usually 4-9 mm, by means of de Fonbrune microforge.
When the capillary was fused, a part of the solution under the direct exposure to heat changed to vapour for a moment, without cracking the capillary, and it returned to liquid state immediately after the heat was removed, with the result that the entire lumen of the capillary, to the closed end, was filled with liquid.
An Ag-AgC1 electrode or calomel electrode was placed in the solution in the stem tube and its open end was sealed tightly except for the shielded, insulated lead wire. For this sealing, Araldite (Ciba) served a good purpose, giving an insulation of the core lead wire from the outer shielding coatings by an electrical resistance of the order of 1012 ohms. The electrical resistance of a completed micro-glass pH electrode was of the order of 108 to 109 ohms. Application of the electrode to the intracellular pH measurements. Microglass pH electrodes have been applied by previous investigators to the intracullular measurement of pH in crab muscle fiber, squid giant axon and frog's sartorius muscle.
The present authors reported briefly on the intracellular pH measurements in a single muscle fiber of crayfish (1962, HIRAKAWA and YOSHIMURA), but more observations have accumulated on the intracellular pH measurements in a single cell of Nitella flexilis, and this will be discussed in the following paragraph.
Intracellular pH measurement in Nitella.
For the intracellular measurement of the pH of the sap, relatively aged cells of Nitella flexilis, comprising the 5th to 7th internodes from the top of the main axis, were used. One end of the cell was cut and the micro-glass electrode was advanced, by a micromanipulator, through the cut end into the cell sap. A micropipette leading to the reference electrode was then inserted into the cut end to make a contact with the sap.
When the cell was cut in the tap water or "culture solution", an irreversible damage rapidly set in and pH changed precipitously. However, by using liquid paraffin as bathing liquid, as is illustrated in FIG. 4 The measured potential difference is given for different points of time after the cell was cut at zero time. It is noted in the figure that the pH readings become stable in a few minutes after the cell was cut and remain constant over at least 30 minutes with minute fluctuations less than 2 mV (0.04 pH).
In an attempt to confirm that the pH thus measured intracellularly is the pH of the sap at its normal state, the reproducibility of pH measurements in a single Nitella cell was studied.
For this purpose two pH measurements were done in one and the same cell. After the first intracellular measurement was over, the electrode was withdrawn and the portion of the cell that has just accomodated the electrode was cut off then the electrode was inserted into FIG. 5. the remaining stump of the cell to see whether or not the same pH reading as the first measurement is obtainable in the second measurement. 
